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ABSTRACT 

The abllity of Desuljoulbrfo desuljuricans and Suljolobus brieleyi to catalyze the hydrogenatlon 
of coal and model compounds was investigated using Warburg-manometry in a n  atmosphere of H2 
wlthout 0 2 .  D.desuljuricans catalyzed Hg uptake at a rate of 48 p o l / h  and 0.0701 pmol/h wlth 
methylene blue (MB) and dlphenyl methane (DPM) respectively. while the uptake rate by KCEFU 
#91182 coal was 4.63 p o l / g  coal/h. S.brie1eyi was 8-12 times more erective catalyst yleldlng 
hydrogenation values of 619 pmol Hg taken u p / p o l  MB/h and 0.5357 pmol H 2  taken up/ p o l  
DPM/h. while catalyzing the hydrogenation of coal at a rate of 44.1 pmol/g coal/h. The precipitated 
iron in the blodesullurked coal by S.brierleyi was malnly In the form of super paramagnetic FeOOH as 
determined by the 57Fe low temperature MBssbauer spectroscopy. These very fine paramagnetlc 
particles (50-200 br) exhlbited good catalytic behavlour with higher llquefactlon yield. Coals 
biotreated with D.desulj&cans also enhanced the chemical coal.liquefaction yield by 5.67%. 

INTRODUCTION 

Bloprocesslng of coal is emerging as  a new technology for coal cleaning and coal converslon 
p r o c e ~ s e s l - ~ .  Coal conversion under milder conditions continues to olTer the potential for improved 
llquefaction of coal. The overall success of liquefaction may entail Improved coal pretreatment, 
disposable catalysts. upgrading of coal llquids In terms of removal of nitrogen and organic sulfur. and 
novel hydrogen generation and utilization techniques. The development of these techniques as 
applied to the above objectives offers an alternative approach if' appropriate microblal cultures and 
envlronmental condltlons can be established. Our earller work8- l4 has  demonstrated that under 
appropriate culture conditions. over 90% of the pyrltic sulfur from coals can  be removed by the 
mesophilic sulfur oxidizing autotrophic bacteria Thfobacillus ferroxfdans  and Thfobaci l lus  
thloxidans. but these bacteria were Incapable of removing organic sulfur. However. the thermophilic 
archaebacterium Suljolobus brierIaJi was able to remove over 95%. of the pyritic sulfur and Over 30 % 
of the organic sulfur from the untreated coal when the cells of S.brferleyf were acclimatized. 

The general reported area of biological conversion of substrate materials to higher quallty fuels 
and chemlcals are bioconversion of coal. lignite, and peat; hydrogen production by anaeroblc 
mlcroorganlsms: and desulfurbation. The aerobic biosolubilizatlon of low-rank coal to polar water 
soluble products has  been d e m ~ n s t r a t e d ' ~ - ~ ~ .  The microbial desulfurization of oil-water emulsions 
and metabolism of dibenzothiophene has been,demonstrated in our recent work12. In addltlon. the 
in-situ formation of catalyst. FeOOH crystals on coal particles In the presence of Su!foIobus brierleyi 
for enhanced liquefaction has been observed In our l a b o r a t ~ r i e s ~ ~ * ~ ~ .  To our knowledge the direct 
microblal hydrogenatlon of untreated coal or the model compounds has  not so far been demonstrated. 
We report here the results of our preliminary experiments. 

MATERIALS AND METHODS 

Qrrranisms: Methods for growth and cell preparations for suljolobus brlerleyi have been described 
prevlouslyg. Desuljouibrio desuljiricans (ATCC strain No. 7757) was grown anaeroblcally in DSM 
medium #63 as described in the-DSM catalogue (Deutche Sammlung Von Mlkrooganlsmen: German 
Collectlon of Organisms). Crlsebachstrasse 8. D-3400 Gottlngen. Germany. The cells were obtained by 
centrilugation (under anaerobic conditions) at 10.000 x g for 30 minutes and washed thrice with 0.05M 
phosphate burer(pH 7.4). The cells were suspended in the same buffer and kept anaeroblc at 4OC until 
use. 
Hvdroeenase AsSav: The erne activlty in D.desuljurlcans was determined by Warburg manometry 
at 30°C and pH 7.4 and at 60°C and pH 2 in S.brier1eyi wlth H2 as  the electron donor and methylene 
blue as the electron acceptor in an  atmosphere of H2 under anaerobic conditions. The reactlon 
mixture had a total volume Of 3 nil and contalned 0.2 rnl of 40% KOH in the center well of the reaction 
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flask to absorb any CO2 released. Where applicable, the concentration of methylene blue or diphenyl 
methane was 4.2 and 6.5 mM respectively. Where indicated the concentration of untreated KCERL 
#91182 coal was 4.5%. The side arm of the Warburg flasks contained 0.3ml of the bacterial 
suspensions (approximately 3mg protein). The reaction flasks were shaken for 10 minutes under H2 
atmosphere for temperature equilibriation before tipping-in the cells from the side arm. The H2 
uptake was recorded at 10-20 minute time intewals. 

-DY: This technique provided a quantitative measurement of the reactions of 
pyrite and Its transformations In Western Kentucky # 11 coal treated for biodesulfurkation by 
Sulfolobus brferleyi. The techniques were essentially the same as described p r e v i ~ u s l y ~ ~ .  The coal 
liquefaction product yields (wt. 96) determinations were performed by the University of Kentucky 
Center for Applied Enerpy Research using letralin as a solvent. 800 psig H2. and 427°C. 

5- : The samples of a Western Kentucky # 11 coal were desulfurized 
using Surofobus brierleyi in a coal-water slurry aerated with air containing 10% C02. 

RESULTS AND DISCUSSION 

Cornoarat ive Rates o f H2-Untake Cnlnlvxed bv Srtlfolo bits brferleuf and D e u o d b r l o  
Several aerobic and  anaerobic bacleria possess hydrogenases but the ability of these 

microorganisms to catalyxe the hydrogenation or coal and/or model compounds has  not so far been 
reported. We have used an  aerobic sulfur-oxidising thermoacidophilic archaebacterium Suljolobus 
brlerfeyf and an  anaerobic sulfate-reducing mesophilic bacterium DesulJoufbrfo desulJuricans. Since 
both organisms possess hydrogenase enxymes. the data in Table 1 show that both organisms 
transferred reducing equivalents. e.&. electrons from H2 to methylene blue, a conventional method 
used for measuring the hydrogenase activity in microorganisms. The comparative H2 uptake rates 
catalyzed by the cells of D.desufJuricans and S.brierleyl were 48  and 619 p o l e s  of methylene blue 
reduced per hour respectively. The respective specific activities of the cellular enzyme were about 16 
and 206 pmoles/h/mg protein indicaling that the hydrogenase from S.brierleyi was about 13 times 
more potent than the hydrogenase from D.desuljurlcans. While the hydrogenase of S.brlerleyl was 
oxygen inaensitlve. the enzyme from D.desufJurlcans might have been inactivated during the 
preparation of cells since oxygen is extremely toxic to the growth of D.desulfurlcans. Thus the much 
lower activily of hydrogenase might not reflect its real potential. It is indeed significant. however, 
that the cells from both organlsnis were able to transfer H2 to both diphenyl methane and untreated 
coal. Here again the specific activity of HZ-transferring enzyme e.g. hydrogenase was much lower in 
D.desulfurlcans than that in S.brierlegi. The significant H2 transrer rate catalyzed by Sbrferleyl to 
the model compound diphenyl methane as  well as to the untreated coal at 60°C is a n  important finding 
Since the archaebactxium is capable of not only removing sulfur from coa18-13 but is also able to 
catalyze coal hydrogenalion which should lead to higher liquefaction yields. 

MBssbauer Snectrosconv of the Biodesulfurlxed Coal: The behaviour and transformation of pyrlte in 
the bfoprocessed coal can be demonstrated by 57Fe Mtlssbauer spectroscopy. The data i s  shown In 
Figure 1 for two biodesulfurized Western Kentucky #11 coals fmm two dlllerent desulfurization tests 
(tests K87 and 22) in which the pyrite content was slgnUicantly reduced by pretreatment with 
S.brlerleyt In the upper spectrum (K871 the pyritic sulfur was decreased from 3.3% to 0.1%. while in 
the lower spectrum (K22) the pyritic sulfur content fell from 1.2 to 0.1%. In both cases significant 
a m m t S  Of iron-bearing oxidation products were precipitated from the solution. Ferric sulfate 
IJarosite) was the main oxidation product of pyrite [upper spectrum). In the lower spectrum, iron 
Precipitation occurred when the Cog was shut  off. and was primarily in the form of 
superparamagnetic FeOOH which is easily distinguished from pyrite and Jarosite in low-temperature 
MBssbauer spectra. Such paramagnetic phases have very fine particle sizes (50-200 and therefore. 
they exhibit good catalytic behaviour during during liquefaction as indicated by data in Table 2 where 
the liquefaction conveffiion of the parent coal for run 22 was compared to that of blodesulfurked 
Samples taken before and after the disruption of the C02 flow which caused the precipitatton of 
SuPerParamagnetlc PeOOH. The higher conversion percentage of liquefaction for sample 22B 
compared to sample 22A indicates the catalytic nature of FeOOH which raised the conversion 
Percentages of the desulfurized coal back to about that of the untreated pyrite-rich coal. Hence the 
knowledge of lhe forms of Iron in bioprocessed coal provided by MBssbauer spectroscopy can provide 
stntegles for optimissation of sulfur reduction and other conversion technologies. 
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Organism Substrate Hydrogen uptake 
pmol/g coal/h 

S. brierleyl Coal 44.10 

D.desulfur[cans Coal 4.63 - 
l_ll "--~ "" 

pmol/pmol DPM'/h ................. " " I ~ _ I I _  

S.brierlegi DPM 0.5357 

D.desu&ricans DPM 0.0701 

p m o l / ~ o l  MB**/h 

S. brierleyi MB 619 

D.desul/uricans MB 48 

See 'Materials and Methods' for experimental conditions. 

- DPM - Diphenyl methane ** - ME3 - Methylene blue 

Table 2 

Liquefaction product yields (wt.%) or biodesulfurized coal 
Tetralin. 800 psig HZ (ambient) 

Table 1 

Comparative Rates or Hydrogen Uptake Catalyzed by 

Suljolobus brierlegl and Desuljouibrlo desuljurlcans 

~ ~ ~ ~~ ~~ 

S85"C 427T 

Parent Coal 22A" 22Bb Parent Coal 22Aa 22Bb 

Gas 2 12c 3 4 5 6  
011 10 8 39 41 39 
Asphaltene 22 24 20 32 29 33 

Preasphaltene 39 21 36 13 10 12 

10Md 28 

Conversion 72 57 67 87 84 90 

aBiotreated. before FeOOH precipitation. bBiotreated after FeOOH precipltation 
'Gas and oil not determlned separately for this sample. dlnsoluble organic matter or residue. 
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101 , 
100 - 
99 - 
9a - 
97 - 
96 - 
95 - 

93 1 T=295K Run K87, End Jarosite 
. . . . . . . . . . . . . . . . . . . .  $ 8 , .  

-11 -9 -7 -5 -3 -1 1 3 5 7 9 1 

VELOCITY IN MM/S 

100 

99 

98 

97 

0 

FeOOH FeOOH 

T=70K Run 22. Day 30 

-11 -9 -7 -5 -3 -1 1 3 5 7 9 11 
VELOClTY IN MMIS 

F i g .  1. Mlrsbauer spectra o f  blodesulfurized samples of Uertern Kentucky coals. 

5 7  


